A quantum system inevitably interacts with its surroundings. In general, one does not have detailed information on an environment. Identifying the environmental features can help us to control the environment and its effects on the dynamics of an open system. Here, we consider a tripartite system and introduce a witness for the initial correlations among environments by means of the concept of the trace distance. Due to the existence of the initial environmental correlations, a tight upper bound is obtained for the growth of the trace distance of an open quantum system states. Therefore, the initial correlations among the environments subject to particular conditions can be detected by measurements on the open system.
I. INTRODUCTION
In real world, quantum systems are open systems interacting with their environments. Dynamics of an open system can be described by either Markovian or non-Markovian approach. Markovian dynamics is based on the assumptions that the coupling between the system under study and its environment is weak and that the initial system-environment (S-E) state is factorized neglecting all memory effects. Violation of any one of these conditions may lead to non-Markovian dynamics which guarantees the existence of memory effects in time evolution of an open system [1, 2] .
As mentioned in the above, initial correlation between a system and its environment is one of the important factors to determine the Markovianity or non-Markovianity of the dynamics. Thus it plays a very important role in time evolution of an open system. If there is not any initial correlation, the dynamics of an open system is described by a completely positive map [3, 4] . In recent years, many attempts have been made to study open quantum systems with initial S-E correlations. In the presence of initial correlation, it is shown that dynamics of an open quantum system may not be completely positive [5] . In fact, it has been indicated that entangled initial states can lead to non-completely positive maps [6, 7] . In the case that quantum discord of initial states vanishes, the dynamics is described by a completely positive map [8] . Shabani and Lidar showed that the above-mentioned condition is not only sufficient but also necessary for complete positivity of the corresponding map [9, 10] . Recently, some examples were provided to show that the relation between complete positivity and quantum discord is not generalized to all cases [11] [12] [13] .
The initial S-E correlations may lead to increase the trace distance over its initial value [14] . According to the definition of the trace distance between two arbitrary states [1, 4] , it can be regarded as a measure for the degree of distinguishability of the two states. If the value of the trace distance during a system evolution is not constant, one can conclude that there * Electronic address: a.sorouri@uok.ac.ir is a flow of information between the system and its environment [14] . A tight upper bound for its increasing has been derived which can be considered as a witness for initial S-E correlations [14] [15] [16] [17] .
Therefore, a lot of effort has been put in to investigate the influence of initial S-E correlations on an open system dynamics. Unfortunately, a clear general relation has not yet been found between them, and the following questions need to be answered: How do initial environmental correlations affect the dynamics of an open system? How can we obtain information about initial states of an environment?
In this paper, we study the role of initial correlations among environments on the dynamics of an open system. For this purpose, we consider a tripartite system. In a tripartite system one can face to three scenarios: a system and two environments; two systems and one environment; and one system, one environment and one ancilla. Here, we find an upper bound for the time evolution of the trace distance in the first scenario. When the trace distance grows above its initial value, the upper bound can be regarded as a witness for initial environmental correlations. Also, we regard some examples to illustrate the tightness of the upper bound. It should be noted that realizing initial environmental correlations may help us to characterize the environment and control its effects. In the following, we will discuss the above-mentioned questions in detail with the help of a three-qubit Heisenberg XX spin chain, two Jaynes-Cummings systems, two amplitude damping channels, and an experimental example. We will see that the initial correlations alter the information flow. Accordingly, initial correlations can be witnessed from the dynamical features of the open system. The paper is organized as follows. In Sec. II a review of the concept of the trace distance is provided and its important role in determining the direction of information flow and also the amount of total correlations is explained. Upper bound for the growth of the distinguishability is derived in Sec. III. In order to witness initial correlations, backflow of information is investigated for some examples in Sec. IV. The paper concludes in Sec. V.
II. TRACE DISTANCE
The trace distance of two quantum states ρ and σ is defined as
where the trace norm of an operator A is introduced by
. It represents a metric on space of physical states, because D ∈ [0, 1], (D(ρ, σ) = 0 if and only if ρ = σ, and D(ρ, σ) = 1 if and only if ρ and σ have orthogonal supports) and it satisfies the triangular inequality,
The other properties of the trace distance are its subadditivity with respect to the tensor product (2) and its contractivity under all trace-preserving positive maps, i.e. D(Λρ, Λσ) ≤ D(ρ, σ), where the equality holds if Λ is a unitary transformation. It is well known that the trace distance can be interpreted as a measure for the distinguishability of the states, therefore a trace-preserving positive map can never increase the distinguishability of any two quantum states [1] .
The variation of distinguishability of two states can be considered as a witness for the flow of information in an open quantum system. Let S be an open quantum system interacting to an environment E. If ρ 
where Φ t denotes the corresponding quantum dynamical map. The time variation of the trace distance is interpreted as information flow, and is shown by
Positive values of σ(t) in some time intervals correspond to information backflow from the environment to the system and the negative values indicate the information flow from the system to the environment. The quantity
can be regarded as a quantifier for the information exchange between an open system and its environment [18] . In Eq. (4),
can be interpreted as the information inside the system at time t, therefore I(ρ S ) shows the difference between the information inside the system at t = 0 and t [17] . When both I(ρ S ) and σ(t) are positive, one can obtain more information than that of the initial state of the system.
For any state ρ AB , the quantity D(ρ AB , ρ A ⊗ρ B ) describes how well ρ AB can be distinguished from the product state, fully uncorrelated,
can be interpreted as a measure for the total amount of correlations in the state ρ AB [14] . It should be mentioned that one can not recognize the correlations types by using the trace distance.
Suppose an open system S coupled to its environment E, with initial states ρ SE 1,2 (0). Using the subadditivity and the triangular inequality of the trace distance, one can obtain the following inequality [14] 
The above inequality shows an upper bound of information backflow from the environment to the system. The upper bound implies that the probable increase of the distinguishability over the initial value is due to the initial correlations in the total initial states ρ SE i (0) or (and) different initial states of the environment E . Note that these terms quantify both quantum and classical correlations of the total system states.
In the next section with using the properties of the trace distance, we obtain the upper bound of the backflow of information in tripartite systems.
III. DYNAMICS OF THE TRACE DISTANCE IN TRIPARTITE QUANTUM SYSTEMS
Assume a tripartite quantum system consists of three subsystems A, B and C which can be coupled to each other. They form an isolated system described by the initial state ρ ABC (0). The state of the total system at time t can be written
represents the unitary time evolution operator of the composite system with total Hamiltonian H. In a tripartite system one can face to three scenarios: a system and two environments; two systems and one environment; and one system, one environment and one ancilla. The first and the second scenarios are shown in Fig. 1 . Here, we investigate the first scenario.
Consider the subsystem A as an open system S and the subsystems B and C as its environments. Indeed the environment E includes two subsystems B and C [see Fig. 1(a) ]. Suppose two initial states ρ 
As stated in the introduction, our main aim is to find a witness for the initial environmental correlations, therefore, we consider the second term in the right-hand side of the above equation. Applying the subadditivity of the trace distance and the triangular inequality (twice) for D ρ
Substituting the above inequality into Eq. (6), we find
where the above inequality generalizes the result of Eq. (5). This inequality shows that in the most general case an increase of the distinguishability above its initial value implies that there must be initial S-E correlations or initial correlations among environments or environments have different initial states. For the special case that there are no initial S-E correlations, the first summation in Eq. (8) vanishes and we have
Let us consider a further important special case, which discloses most clearly the role of initial environmental correlations, and is obtained if we assume ρ
. Therefore, the inequality in Eq. (9) is simplified to
where the quantity on the right-hand side of Eq. (10) can be larger than zero because of the presence of initial environmental correlations in ρ BC 1 (0). This inequality shows that any increase of the trace distance over its initial value is a witness for the presence of initial environmental correlations. When the inequality in Eq. (10) becomes an equality at a certain time t, we can detect the initial environmental correlations. Otherwise, the initial correlations are not transformed completely to the open system during the dynamics.
In this step, one can ask some questions like: where is the rest of information stored? Has it been transformed into other forms, or is it still frozen in bipartite environmental correlations? To answer these questions, let us recall the definition of I int (t) (I ext (t)) as the information inside (outside of) the open system. Mathematically, they are written as [17] 
Due to the unitary dynamics of the total system, one has
It can clearly be seen that if I int (t) increases, I ext (t) decreases and vice versa. The second equation of Eq. (12) can be regarded as an introduction of the exchange information between the open system and the environment. Rewriting the first equation of Eq. (12) as
, leads us to this fact that the initially inaccessible information can either flow to the open system or remain as external information at time t. With the help of Eqs. (7) and (11), one can obtain the following inequality for all t ≥ 0:
The right-hand side of the above inequality consists of six terms: The first summation measures the total correlations between the system and the environments and the second summation measures the environmental correlations. The third and fourth terms are the trace distances of the corresponding environmental states. Thus, when I ext (t) grows over the initial value, I ext (0), the system-environment or the environment-environment correlations are created; or the environmental states become more different, implying an increase of the distinguishability of the environmental states. This demonstrates that the corresponding decrease in I int (t) has always an impact on degrees of freedom which are inaccessible by measurements on the open system. Conversely, if I int (t) starts to increase at time t, the corresponding decrease in I ext (t) implies that all kinds of correlations already exist or (and) the environmental states are different at time t. Therefore, according to Eqs. (12) and (13), the rest of the initially inaccessible information is stored in the systemenvironment or the environment-environment correlations, or inside each environment. Hence, initial environmental correlations may be transformed into other forms of bipartite or tripartite correlations.
Here, we discuss some examples to illustrate that the inequality in Eq. (10) is tight. Suppose four qubits such that the first and second qubit are regarded as an open system S (control qubits), and the third and fourth qubit are regarded as an environment (target qubits), where the first (second) qubit interacts locally with the third (fourth) qubit. We first apply a controlled-NOT gate and then a swap operation on the two qubits. Thus, the interaction is given by unitary operator U = U 1 ⊗ U 2 , where U i = U swap U c , (i = 1, 2). We consider two total initial states as
in which |ϕ S = a|00 + b|11 , |ψ E = α|00 + β|11 , where ρ E 1 = |ψ E ψ| with α, β = 0 and a, b = 0, and ρ
is a pure entangled state and ρ
is the product of marginal states of ρ E 1 . For these total states, the system states are the same.
Under the action of the unitary operator U the left-hand side of Eq. (10) is found to be
which shows that the trace distance of the open system states increases over its initial value. This means that the initial state of ρ E 1 must be correlated. We also have D(ρ
2 + |αβ| which shows that the upper bound of the inequality in Eq. (10) is reached. Thus, the initial information in the environment state is transferred completely to the open system by applying the the unitary operator U . Now, we study a situation in which the initial environmental state has only classical correlations. Assume two total initial states as
where ρ E 1 is a purely classical state and |φ S = a|01 + b|10 . Then one obtains
and the trace distance of the initial environmental states is found to be D(ρ
We, then, see that the equality sign in Eq. (10) holds; the tightness of the bound is illustrated again. Also, this means that the trace distance can increase even when the initial states of the environment are mixed states.
In order to construct initial conditions for Eq. (10), we need a second reference state ρ ABC 2 (0) whose evolution is compared with that of the state ρ ABC 1 (0). Therefore, we regard three operators. The first one is the operator P which removes the correlations between the open system and the environments, i.e., P(ρ 
. Finally, the third one is an operator which destroys the correlations among the environments as
Consequently, we have ρ
In the next section, the trace distance dynamics will be illustrated by means of a three-qubit Heisenberg XX spin chain, two Jaynes-Cummings systems, two amplitude damping channels and an experimental example. We will see that the bound in Eq. (10) is reached for two Jaynes-Cummings systems and the growth of the distinguishability witnesses the correlations in the initial state of the environments for these cases.
IV. EXAMPLES A. Three-Qubit Heisenberg XX Spin Chain
Here, interactions between three qubits are investigated, which form a three-qubit Heisenberg XX spin chain [19] . The Hamiltonian describing the chain subject to a uniform magnetic field is
where J is the exchange interaction constant, σ α n is the Pauli matrix corresponding to each α (α = x, y, z), and B is the magnitude of a uniform magnetic field. Introducing the spin raising and lowering operators of the nth qubit, σ ± n = 1/2(σ x n ± iσ y n ), the Hamiltonian can be rewritten as
Applying the periodic boundary conditions, σ 
and |ψ 0 = |000 ,
|010 + |100 ),
|001 + e 2iπ 3 |010 + |100 ),
|101 + |011 ),
|110 + e 2iπ 3 |101 + |011 ),
respectively. If the normalized initial state is chosen as
with the help of Eqs. (21) and (22), its time evolution will be
where in which K(t) = e −it(2J−B) (α + β + γ). As a different case, one can assume that there are two excitations in the total system. Thus, the initial state is defined as
and its time evolution is determined by
where
in which Z(t) = e −it(2J+B) (α 1 + β 1 + γ 1 ). In order to show the influence of the initial environmental correlations on the trace distance dynamics, we illustrate three situations. Note that we regard the first qubit as an open system S and the other two qubits as its environment E [see Fig.  1(a) ].
i) For the first case, let us assume two environmental states such that only one of them has initial correlations. Hence, we regard the total initial states as
and
where ρ
For these states, we have D ρ
and initial S-E correlations are zero. According to Eq. (10), the upper bound of the increase of the trace distance is restricted to the initial correlations among the environments in ρ 1 (0).
In order to calculate the trace distance dynamics of the open system A, we find the time evolution of these total states from Eqs. (24) and (27). Then, with tracing over the environments (B+C), the reduced open system dynamics can be obtained. The behavior of the trace distance of ρ A as a function of t is plotted in Fig. 2 . Different initial states are considered with parameters f = g = 1/ √ 2, l = 3/7, and m = 4/7 . In Figs. 2(a), (b) , (c), and (d) the values of α are assumed to be 1, 0.6, 0.2, and 0, respectively.
In Fig. 2(a) , initial state of the environments in ρ 1 (0) is defined by a Bell state (α = 1), a maximally entangled state. As can be seen, the trace distance begins to increase after the initial time. This means that an amount of the initial environmental correlations flows to the open system from the beginning of the dynamics. Furthermore, it has a periodic behavior during the dynamics. In Fig. 2(b) , the initial state of the environments in ρ 1 (0) is not maximally entangled state and it is characterized by α = 0.6. From the figure one can see that the amount of information backflow is reduced by decreasing the initial environmental correlations although the dynamics behaviour is similar to Fig. 2(a) .
The value α = 0.2 is used in Fig. 2(c) , where the amount of quantum initial correlations decreases such that the amount of entanglement is zero but the amount of discord is not. We remark that the trace distance starts decreasing already at the initial time then it begins to grow at a later time. In Fig. 2(d) , the initial state of the environments in ρ 1 (0) is given by α = 0. Note that in this case the trace distance does not increase over its initial value since there is no initial correlation between environments.
In brief, Fig. 2 shows the effect of initial correlations among the environments on the trace distance dynamics of the open system. We conclude, for this example, that the amount of the information backflow from the environments to the open system is increased by increasing initial quantum correlations among the environments and it can lead to increase distinguishability over its initial value. In situations investigated in Fig. 2 , the maximum amount of the trace distance as a function of time is not equal to the upper bound given by Eq. (10). This means that the information initially inaccessible to the open system has not been transferred completely to it during the dynamics.
ii) For the second situation, let us study an example in which the both initial environmental states have quantum correlations. In this and the next example, we use Eq. (9) to witness the initial environmental correlations. The total initial states can be taken as
In Fig. 3(a) the dynamics of D(ρ
) is shown for α 1 = 1 and α 2 = 0.6. If this figure is compared with Figs. 2(a) and (b), one realizes that the both quantum correlations have destructive effect on the distinguishability of the open system states which means that the amount of information flowing to the system is little. Equation
implies that the maximum information outside of the open system can be obtained for α 1 = 1, α 2 = 0, and α 1 = 0, α 2 = 1. Therefore, the more difference among the initial quantum correlations (initial environmental states), the more information is initially stored outside of the open system and as a result the distinguishability of the open system states increases over its initial value. Actually, in order to have more information flowed to the open system, the difference among the initial quantum correlations must be more. A maximally entangled state and a product state are suitable candidates for this purpose (for the initial environmental states).
iii) For the third one, let us consider a situation in which there is quantum correlation in one of the two initial environmental states and classical correlation in the other. An example for this case can be
(33) Fig. 3(b) shows the time behavior of the trace distance of the open system states for α = 1. As can be seen, the maximum value of the distingushability is 0.75. Comparing Fig. 3(b) with Fig. 3(a) and Fig. 2 , leads us to this fact that maximal classical and quantum correlations are the best choice for obtaining maximum inaccessible initial information. Thus, the states with the above-mentioned properties have effective influence on the growth of the distinguishability of the open system states. This is confirmed by
showing that the information outside of the open system gets its maximum value when α = 1 (maximally entangled state). Studying the above examples shows that whenever more distinguishable the environmental states are, the more information is stored outside of the open system; and returned information to the open system is maximum if there are initial classical and quantum correlations. Although the presence of quantum correlations in the both of the initial environmental states has destructive effect on the growth of the distiguishability of the open system states, initial quantum-classical correlations constructively affect the distinguishability.
In the next subsection we introduce two Jaynes-Cummings systems by which one can show that the inequality in Eq. (10) is tight.
B. Two Jaynes-Cummings systemes i) Suppose that one provides two Jaynes-Cummings systems in which each atom is locally coupled to a single-mode field. In this case, the open system of the tripartite system is assumed to include two atoms and each field is regarded as an environment. The total Hamiltonian is given by
is the raising (lowering) operator of the jth atom, b j † (b j ) is the creation (annihilation) operator of the jth field, ω j 0 is the frequency of the jth atom, ω j is the frequency of the jth field, and g j is the coupling constant between the jth atom and the jth field (j = 1, 2). In the interaction picture the Hamiltonian takes the following form
where ∆ j = ω j 0 −ω j is the detuning between the jth atom and the jth field. Let us assume that
The local time evolution operator in the interaction picture can be written as
where c(n, t) = e i∆t/2 cos Ω(n)
in which Ω(n) = ∆ 2 + 4g 2n [20] . The ith reduced density matrix of the system at time t can be written as
where ρ i (0) is the ith initial state of the total system and it is assumed to be a product state as 1, 2, 3) . Let the initial state of the open system be ρ S (0) = |ee ee|. The first environmental initial state is taken as which shows entanglement among the environments. The second one is built by the marginal states of the first environmental initial state as ρ
Finally, the third state is chosen to be a classically correlated state
Substituting the above three initial states into Eq. (39) and taking into account Eqs. (37) and (38), one can obtain the dynamics of the open system. The trace distance dynamics of the open system states is plotted in Fig. 4 for g = 1 and α = β = 1/ √ 2. Fig. 4(a) shows the time behavior of D(ρ 
0) is a product one. As can be seen, the total initial entanglement among two modes flows to the system at some points of time. It actually shows that the bound of the inequality in Eq. (10) is tight.
For n = 7 and ∆ = 0, D(ρ
) is plotted against time in Fig. 4(b) . In this case, D(ρ
25 which is greater than 1. According to Eqs. (40) and (42), one can realize that there is quantum correlation in ρ BC 1 (0), whereas, ρ BC 3 (0) is a classically correlate state. This is an example for which the inequality in Eq. (5) is tight but the one in Eq. (9) is not. The plot shows that the trace distance reaches 1 at some values of time, and therefore, the open system becomes completely distingushable in those values of time.
In Figs. 4(c) and
is depicted for ∆ = 0, and for two values of n, 10 and 50, respectively. The trace distance of the initial environmental states is D(ρ BC 3 (0), ρ BC 2 (0)) = 0.5. As can be seen the upper bound is reached for both values of n.
In summary, Fig. 4 shows that the upper bound is tight and the distingushability reaches 1 when there are initial quantumclassical correlations among the fields. Furthermore, it indicates that initial quantum correlations make the trace distance increase more than classical correlations do.
ii) Let us assume an example showing the tightness of the upper bound for classical states. To this aim, the total initial states are taken as
in which
|n is a coherent state with mean number of photons as n = |β| 2 . It is well known that the coherent state does always have minimum uncertainty and resembles a classical state. Substituting the initial states into Eq. (39), one can obtain D(ρ S 1 (t), ρ S 2 (t)). For ∆ = 0 and g = 1, the trace distance dynamics is plotted for |β| 2 = 100 and |β| 2 = 200, in Figs. 5(a) and 5(b), respectively. One can see that as the average number of photons increases, the initial total classical correlation among the modes is detected at a given time. Therefore, the bound is tight for classical state and our witness can be applied for those states.
The above two examples indicate that one can detect the initial quantum and classical correlations among two fields by studying the dynamics of the trace distance of the system states. In the following the witness can be applied for a dissipative dynamics. For this purpose a discussion on amplitude damping channels is provided.
C. Amplitude damping model
Here, we consider an open system consisting of two atoms locally interacting with amplitude damping reservoir. The Hamiltonian H of the whole system is defined as
where . We suppose that the two atoms have the same transition energy and the same coupling to the reservoirs. Furthermore, we assume that the both reservoirs have the same Lorentz spectral density [21, 22] .
In order to introduce an initial state, let us define the vacuum state as |0 = |0 1 0 2 ...0 k ... , therefore a first excited state is
It is obvious that the both states are orthogonal, i.e. 0|1 = 0. Total initial state is assumed to be a superposition of two states. In one state, atoms are in a Bell state and the reservoirs are in the vacuum states. The other one is that the two qubits are in the ground states and one of the two reservoirs has only one excitation. Thus the initial state of the total system is written as
(|e, g + |g, e ) is a Bell state and |g (|e )refers to the ground (excited) state of each atom. The normalization condition for |ψ(0) is |c eg (0)
, the state of the whole system at time t is written as
with a = 1 − 2 γ λ , where γ is connected to the time scale of the system and λ is coupling spectral width. Also in Eq. (46), |ψ t + is a Bell state of the two reservoirs which is
The first excitation state of each reservoir depends on time as
which is normalized, 1 t |1 t = 1, and orthogonal to |0 , 0|1 t = 0. An initial state of the whole system can be obtained if one has c eg (0) = 0,
. Therefore, the initial environmental state is an entangled state. Regarding the above assumptions, the state of the atoms at time t is
Another initial state is assumed to be a product state as
Regarding Eq. (46) and the corresponding equations in [21] , the reduced density matrix of the atoms gets the following form
with
For two amplitude damping channels, the trace distance dynamics of the open system (the atoms), D(ρ is plotted against time (λt) for γ/λ = 1000 (local nonMarkovian dynamics) in Fig. 6(a) and for γ/λ = 0.1 (local Markovian dynamics) in Fig. 6(b) . Here, the value of the initial environment-environment correlation is D(ρ BC 1 (0), ρ BC 2 (0)) = 0.75, and as can be seen in Fig. 6 the upper bound is not reached for the both cases. It is clear from Fig. 6(a) , that the trace distance damply oscillates as a function of time, however, no oscillation can be seen in Fig. 6(b) . The oscillation of the trace distance in Fig. 6(a) shows that information repeatedly exchanges between the system and environments; and comparing the plot in Fig. 6(a) with that in Fig. 6(b) indicates that the value of the exchanged information in the first case is greater than that in the second case. It should be mentioned that in the case of initial classical correlation, our calculations show that the inequality in Eq. (10) is not tight.
As a final example, in the next subsection, let us consider an experimental one which has been introduced by other authors [23] .
D. Experimental example
As an experimental example, we consider two entangled photons whose polarization degrees of freedom locally interact with their frequency degrees of freedom. The polarization degrees of freedom of the photons are regarded as an open system and their frequency degrees of freedom form two environments [23] . The Hamiltonian of the local interaction is defined by
where |H (|V ) and |ω i indicate the state of a photon with horizontal (vertical) polarization and frequency ω i , respectively. The refraction index for photon with polarization H (V ) is signified by n H (n V ). We assume the total initial state as
where |ψ 12 = a|HH + b|HV + c|V H + d|V V and g(ω 1 , ω 2 ) denotes the probability amplitude for the first pho- ton to have frequency ω 1 and the second photon to have frequency ω 2 , with the corresponding joint probability distribution P (ω 1 , ω 2 ) = |g(ω 1 , ω 2 )| 2 . Due to the initial product system-environments state, the time evolution of the open system can be described as ρ S (t) = Φ where C ij = ω i ω j − ω i ω j are elements of the covariance matrix, ω i = ω j = ω 0 /2, and K = C 12 /C 11 is correlation coefficient.
In order to examine Eq. (10) as a witness for initial environmental correlations, we assume two total states ρ 1 (0) and ρ 2 (0) such that |ψ Fig. 7(a) . As can be seen, the trace distance for K = −1, where the frequencies ω 1 and ω 2 are anticorrelated, gets its maximum increasing and after a specific time approaches to the value of 0.5. For K = 0 the frequencies are not correlated and the trace distance is always zero. The trace distance decreases after an increasing then approaches to zero for other values of K. In Fig. 7(b) , initial states of the open system are |ψ 
=
16/18|HH + 2/18|V V and the initial environmental states are the same as these in Fig. 7(a) . It is clear that the trace distance raises above its initial value for K = −1, K = −0.99, and K = −0.95, meaning that the more anticorrelated (more distinguishable) the frequencies ω 1 and ω 2 are, the more information is stored outside of the open system. It has been shown that when the frequencies ω 1 and ω 2 become more anticorrelated, the nature of the global dynamics becomes more non-Markovian, while the local dynamics is Markovian [23] . Regarding these results with what shown in Fig. 6 , it seems that time behavior of trace distance, with different initial environmental states, can be considered as a witness for determining the type of the local dynamics of the system under study.
Finally, we conclude from Fig.7 that the trace distance may increase over its initial value due to the initial environmental correlations and the best value of the correlation coefficient is K = −1 for witnessing the initial correlations.
V. CONCLUSIONS
Dynamics of the trace distance with initial correlations has been studied in tripartite systems. We considered a scenario consisting of one system and two environments, and obtained a bound for the growth of distingushability in open system. The bound can be used as a witness for initial correlations among environments. The obtained inequality is general and can be applied to any interaction among three systems. We demonstrated that initial correlations among environments un-der particular conditions can be witnessed by local measurements on the open quantum system. We illustrated that the bound is tight for initial classical and quantum environmental correlations. Generally, since we do not have enough information about initial states of environments, the inequality can be applied to obtain more information about environments.
To confirm our results we studied different tripartite systems such as a three-qubit Heisenberg XX spin chain, two Jaynes-Cummings systems, two qubits interacting with amplitude damping environment, and an experimentally realizable example. We indicated that the distinguishability increases over its initial value due to initial correlations among the environments.
Generalization to systems including more than three subsystems is straightforward.
